Abstract-Transcranial direct current stimulation (tDCS) can increase cortical excitability of a targeted brain area, which may affect endurance exercise performance. However, optimal electrode placement for tDCS remains unclear. We tested the effect of two different tDCS electrode montages for improving exercise performance. Nine subjects underwent a control (CON), placebo (SHAM) and two different tDCS montage sessions in a randomized design. In one tDCS session, the anodal electrode was placed over the left motor cortex and the cathodal on contralateral forehead (HEAD), while for the other montage the anodal electrode was placed over the left motor cortex and cathodal electrode above the shoulder (SHOULDER). tDCS was delivered for 10 min at 2.0 mA, after which participants performed an isometric time to exhaustion (TTE) test of the right knee extensors. Peripheral and central neuromuscular parameters were assessed at baseline, after tDCS application and after TTE. Heart rate (HR), ratings of perceived exertion (RPE), and leg muscle exercise-induced muscle pain (PAIN) were monitored during the TTE. TTE was longer and RPE lower in the SHOULDER condition (P < 0.05). Central and peripheral parameters, and HR and PAIN did not present any differences between conditions after tDCS stimulation (P > 0.05). In all conditions maximal voluntary contraction (MVC) significantly decreased after the TTE (P < 0.05) while motorevoked potential area (MEP) increased after TTE (P < 0.05). These findings demonstrate that SHOULDER montage is more effective than HEAD montage to improve endurance performance, likely through avoiding the negative effects of the cathode on excitability. 
INTRODUCTION

13
Muscle fatigue, defined as an exercise-induced reduction 14 in the maximal force/power production of a muscle group 15 (Gandevia, 2001) , is known to be associated with 16 changes at or distal to the neuromuscular junction (i.e. 17 peripheral fatigue) and/or failure to recruit the active mus- 18 cle group (i.e. central fatigue) (Gandevia, 2001) . ever, because the process of fatigue also involves 20 multiple structures of the cortico-spinal tract, it is also 21 important to recognize that a failure to generate output 22 from the motor cortex (M1) can also result in reduced 23 muscle force -this is termed supraspinal fatigue 24 Taylor et al., 1996; Taylor and 25 Gandevia, 2008) . Supraspinal fatigue can occur during 26 exercise involving both isometric and dynamic contrac-27 tions Gandevia, 2001; Søgaard 28 et al., 2006) which has been observed to develop from 29 exercise onset and continues until exhaustion along with 30 peripheral parameters Gandevia, 31 2001; Søgaard et al., 2006) . Non-invasive techniques 32 such as the transcranial magnetic stimulation (TMS) have 33 been extensively used to stimulate the M1 during muscle 34 contraction in order to investigate the impact of suprasp-35 inal fatigue during exercise 36 Gandevia, 2001; Søgaard et al., 2006) . However, despite 37 a significant number of studies and the development/ 38 refinement of non-invasive methods, the physiological 39 mechanisms of supraspinal fatigue are still not well estab-40 lished (Gandevia, 2001; Taylor and Gandevia, 2008) . 41 However, there is evidence to suggest that the descend-42 ing output from the M1 is not adequate during fatiguing 43 exercise Gandevia, 2001; Liu et al., 44 2002). In the study of Søgaard and colleagues (2006) (Cogiamanian et al., 2007; Williams et al., 2013; Okano 69 et al., 2015) , however other studies reported no effect 70 (Kan et al., 2013; Lampropoulou and Nowicky, 2013;  71 Muthalib et al., 2013; Angius et al., 2015) . (Williams et al., 2013; Angius et al., 2015; Okano et al., 82 2015 ). An extracephalic set up places the cathodal elec-83 trode on the opposite shoulder (Cogiamanian et al., 84 2007; Kan et al., 2013; Lampropoulou and Nowicky, 85 2013; Muthalib et al., 2013) , rather than the contralateral 86 area of the head. This is because the tDCS anode 87 increases excitability over the area that it is placed in, 88 whereas the cathode decreases excitability. Therefore, 89 in the studies which used a cephalic montage (Angius 90 et al., 2015) , the unwanted effects of decreased excitabil- (Cogiamanian et al., 2007; Kan et al., 2013 Cogiamanian et al., 2007) , during exercise (Williams 103 et al., 2013) or at rest . These differ-104 ences are relevant because a rapid and adaptive change 105 in the corticospinal response has been shown to depend 106 on the exercise intensity and exercise duration 107 (Gandevia, 2001; Samii et al., 1997) electrode was placed over the patella of the right knee.
266
The skin was shaved and cleaned using alcohol swabs.
267
Myoelectrical signals were amplified with a bandwidth continuous EMG signal (Sa¨isa¨nen et al., 2008 Tables 1 and 2 g p 2 = 1.00) but no differences were observed between Ze´non et al. (2015) demonstrated that 540 disrupting neural activity in SMA and M1 led to a signifi- cortex. This brain area is involved in mood and emotion ing tDCS observed in this study (see Fig. 3 ). However, In line with previous experiments (Pageaux et al., 2013) to previous studies (Pageaux et al., 2013) , the ratio 590 RMS MVC /RMS Mwave EMG did change after exhaustion.
591
This ratio has been previously used in different studies 592 to detect any change of central parameters after exhaus-593 tion (Pageaux et al., 2013 (Pageaux et al., , 2015 . However, conflicting 594 results have meant that this metric has been criticized 595 (Farina, 2006) . Our data further confirm that the quantifi-596 cation and assessment of central fatigue should instead 597 be performed using the Tw interpolation technique 598 (Gandevia et al., 2013 and dynamic muscle contractions (Jubeau et al., 2014; 604 Temesi et al., 2014; Pageaux et al., 2015 Gruet et al., 2014; Pageaux 613 et al., 2015) , CSP duration significantly increased immedi-614 ately after exercise. Lengthening of the CSP has been 615 associated with the increase of intracortical inhibition of 616 cortical and sub-cortical areas 617 Gandevia, 2001) , impairment of the motoneuron respon-618 siveness (McNeil et al., 2011) (Boggio et al., 2008; Lefaucheur et al., 2008; Kan et al., 695 2013; Angius et al., 2015) . However, in accordance with 696 previous findings related to pain and exercise perfor-697 mance (Kan et al., 2013; Angius et al., 2015) , this mon- the benefits of tDCS .
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In addition to the above factors, the cathodal electrode 
